Abstract This study set out to test whether relevant prior knowledge would moderate a positive effect on academic achievement of elaboration during small-group discussion. In a 2 9 2 experimental design, 66 undergraduate students observed a video showing a smallgroup problem-based discussion about thunder and lightning. In the video, a teacher asked questions to the observing participants. Participants either elaborated by responding to these questions, or did not elaborate, but completed a distraction task after each question. They received either relevant or irrelevant prior knowledge before the discussion. After the discussion, all participants studied a text about thunder and lighting and completed immediate and delayed-recall tests for this text. Elaboration had no main effect on recall, but there was a significant interaction effect between relevant prior knowledge and elaboration. The results suggest that elaboration is helpful for students with more prior knowledge, but harmful for students with less prior knowledge.
Introduction
Collaborative learning is widely applied in education, but as yet little is known about the cognitive processes that make it successful. This lack of knowledge results from the complexity of collaborative settings, in which many factors can influence learning. This study focused on a specific instructional format, problem-based learning (PBL), and used a controlled experimental design to reduce the number of confounders to final learning outcomes. The first aim was to examine the effect of elaboration during small-group discussion on the recall of the information studied after the discussion. The second aim was to evaluate relevant prior knowledge as a moderator for the effect of elaboration on recall.
Cognitive elaboration in collaborative learning
Cognitive theories for collaborative learning stress the importance of cognitive elaboration (O'Donnell 2006; Slavin et al. 2003) . Collaboration can stimulate elaboration because students process information more deeply when they interact with each other. Elaboration can be defined as the generation of meaningful new relations between prior knowledge, or between prior knowledge and new information (Wittrock 1992) . A theoretical expectation is that it leads to an enriched knowledge base with more interconnections. Inside this enriched knowledge base, information should be better retained (Hamilton 2004; Reder 1980) .
Research has indeed shown that students remember more information from textual materials when they use elaboration techniques during self-study (Dansereau et al. 1979; Mayer 1980; Pressley et al. 1987 Pressley et al. , 1988 . In collaborative learning settings, it has been shown that students recall more information from textual materials after engaging in elaborative activities, such as summarizing text passages and detecting errors and omissions in the resulting summaries McDonald et al. 1985; O'Donnell 1996; O'Donnell et al. 1985; Rewey et al. 1989; Spurlin et al. 1984) . This usually promoted recall of the studied information, especially for those who summarized the text (Spurlin et al. 1984) . Students can thus elaborate during collaboration by explaining some learning materials to other students (Slavin et al. 2003) . Research has shown that the frequency of elaborative explanation during small-group discussion correlates positively with learning achievement (Van Boxtel et al. 2000; Webb 1989; Webb et al. 2008 ). According to some, explanation to others challenges the explainer to generate new relations and form new perspectives (Bargh and Schul 1980) . The explainer may detect gaps in his or her own knowledge and use explanation to fill in these gaps (Webb et al. 1995) . In other words, explanation to others can provoke elaboration.
Cognitive elaboration in PBL
PBL is a collaborative learning format that comes in many forms (Lloyd et al. 1998 ). The present experiment adopted the definitions of PBL by Schmidt et al. (2009) . These authors describe PBL as a process in which students try to explain several phenomena that belong to a real-world scenario (i.e. the problem). The group discussion forms the basis of subsequent self-study. After this self-study, students gather again to report their findings. In other words, a learning cycle starts with a problem-based discussion and ends with a reporting phase after self-study (also see Hmelo-Silver 2004) .
During a problem-based discussion, students can activate their prior knowledge, reason together, build theories and experience cognitive conflict (Dolmans and Schmidt 2006) . Research has shown that a problem-based discussion can improve the recall of a text studied after the discussion (De Grave et al. 2001; Schmidt 1984; Schmidt et al. 1989) . Schmidt et al. (1989) let students discuss a problem that described why a blood cell swells in pure water and shrinks in salt water. After the discussion, they individually studied a text about osmosis and diffusion, which explained the underlying mechanisms for the phenomena in the blood cell problem. In a control group, students discussed a problem about a different topic and then read the osmosis and diffusion text. Students who discussed the blood cell problem recalled more information from the text than students who discussed the problem about the different topic.
Although a problem-based discussion seems to be able to improve recall, it is not clear which cognitive activities are responsible for this effect. Considering the already mentioned findings from collaborative learning, one would expect that elaboration (by explanation to others) is an important activity that fosters learning during the discussion. Some studies signify that PBL students retain more knowledge over time than students in lecture-based programs (Capon and Kuhn 2004; Dochy et al. 2003; Eisenstaedt et al. 1990; Tans et al. 1986 ). This might suggest that PBL indeed promotes elaboration, because elaboration should lead to an increase in deep processing and therefore improve the retention of knowledge (Reder 1980) . However, one study reported that there was no positive correlation between the number of explanations students generated during a problem-based discussion and their recall from subsequent self-study (Moust et al. 1987) . More empirical data is thus needed to support the hypothesis that elaboration during problem-based discussion promotes achievement. The present experiment set out to do this, by testing the effect of elaboration during the problem-based discussion on recall of information studied after the discussion.
The interaction between prior knowledge and elaboration Prior knowledge seems to guide what students recall from new information. This can be illustrated by experiments in which students activated relevant prior knowledge before self-study (Machiels-Bongaerts et al. 1995; Peeck 1982; Pressley et al. 1990; Wetzels et al. 2011) . Machiels-Bongaerts et al. let students activate prior knowledge about a fishery policy of the European Union and then presented them with a text about this policy. The text also contained information that was related to the policy (i.e. increased unemployment due to the policy and alternative income sources) and information that was unrelated to the policy. A control group activated information about an irrelevant topic. Students who activated prior knowledge about the policy recalled more information from the text than the control group. More specifically, they did not only recall more about the policy, but also about the related information. Prior knowledge activation thus seemed to improve the recall of information from the text. In addition, it especially improved the recall of information that either corresponded with, or was related to, the activated prior knowledge.
Likewise, Wetzels et al. (2011) found that prior knowledge activation improved achievement on learning tasks that were related to the activated prior knowledge. The investigators proposed that prior knowledge activation served a 'stage-setting function'. The activated prior knowledge 'set the stage' for new learning and therefore improved the learning of new information that was related to the activated knowledge. A problem-based discussion might serve a similar stage-setting function. Schmidt et al. (1989) proposed that problem-based discussion leads to a shared mental model of the problem, which will facilitate the study of new information that relates to the problem.
Prior knowledge has also been shown to moderate the positive effect of elaboration on the learning of facts (Willoughby et al. 1993; Woloshyn et al. 1992) . That is, students who elaborated on facts, by generating a reason why these facts were true, recalled more of these facts when they had more prior knowledge.
Since problem-based discussions allow students to activate and elaborate on their prior knowledge (Schmidt 1993) , it may be worth studying elaboration in combination with higher or lower amounts of prior knowledge. In some versions of PBL, students receive a limited amount of knowledge at the start of the group meeting, just before the problembased discussion commences (Hmelo-Silver and Barrows 2008). The present experiment followed this example, by providing research participants with a limited amount of information before they entered a small-group discussion.
Difficulties with research on collaborative learning
Research on small-group learning has to contend with the fact that group processes are highly dynamic and therefore create many variables that potentially affect learning outcomes. Since experimental interventions often take place at the group level, it is difficult to determine which specific cognitive processes promote achievement. For example, the amount of elaboration during a group discussion may depend on the cognitive ability level of individual group members (Webb et al. 1998) . From a research perspective, it might be valuable to rule out these random influences from the group on learning. This will allow investigators to study independent variables more precisely, without confounding variables that create experimental noise. It seems that the group process must be standardized in order to accomplish this. The present experiment aimed at doing this by creating a video recording of a problem-based discussion supervised by a teacher. This video was shown to individual research participants in a psychological laboratory. This new method facilitated the testing of independent variables, while omitting other influences from the group's process. More about this will follow in the ''Method'' section.
Summary and hypotheses
In summary, collaborative learning needs more empirical evidence for the hypothesis that elaboration is responsible for improved academic achievement. Elaboration may be moderated by the amount of prior knowledge students have before they enter a small-group discussion. A problem is that complex group processes produce many potential influences on final learning outcomes. This makes it difficult to study the interaction between elaboration and prior knowledge independently from other factors. Therefore, the current experiment ensured that all research participants were exposed to the same small-group discussion. For this purpose, a video recording of the discussion was made and presented to the participants. There were two hypotheses: firstly, elaboration during the group discussion was expected to improve the participants' recall of the information that they studied after the discussion; secondly, elaboration was expected to improve recall when participants received relevant prior knowledge before the group discussion. In other words, the second hypothesis was an interaction effect between prior knowledge and elaboration on recall.
Method

Participants
Participants were 66 university students who had chosen a secondary school learning trajectory that focused on the social sciences. In the Netherlands, students progress through secondary school from age 12 until 18. Some of them follow a curriculum that prepares them for university education. These students can choose between four paths, two of which are science-oriented and two focused on the social sciences. Only participants with backgrounds in the social sciences were selected for this study, because they were likely to have less prior knowledge about the study topic, which was science-oriented. They came from study programs in law (46), economics and business administration (7), psychology (5), health sciences (2), art (1) and arts and social sciences (1). Their mean age was 20.93 (SD = 2.22). They were selected with advertisements and by active recruitment. All participants were familiar with PBL and received a financial compensation for their participation.
Materials
Study materials and tests
Twenty-one sentences were written about thunder and lightning and 21 sentences about seismographic activity. The sentences about thunder and lightning were presented to half of the participants as relevant prior knowledge for a problem-based group discussion. The sentences about seismographic activity, which were not relevant for the discussion, were presented to the other half of the participants. Two sentence-completion tests were devised, one for the thunder and lightning sentences and one for the seismographic activity sentences. These tests presented the sentences in random order, each sentence lacking one or several key words. Participants had to fill in these missing words. The sentences about thunder and lightning can be found in Table 1 and the sentences about seismographic activity in Table 2 . The missing words in the sentence-completion test are underlined.
A problem from a PBL teacher-training program was adopted for the small-group discussion. Table 3 shows the problem, which described a thunder and lightning storm during a warm summer day in 102 words. It contained several phenomena that were related to thunder and lightning, such as warm temperatures, thunderclouds and rain drops.
A study text about thunder and lightning was written, which provided relevant new information about the problem. This text was offered after the small-group discussion and explained in 1,104 words how lightning is created and what a person should do during a thunderstorm. For example, one paragraph elaborated on the first, second and third thunder Table 1 Sentences to provide relevant prior knowledge before the small group discussion 1. Thunderclouds are very high clouds that reach till the upper levels of the atmosphere 2. During the summer, warm air comes in our direction from the south of France 3. All kinds of warm and cold air currents take place in the atmosphere 4. A difference in electrical charge within a thundercloud causes lightning 5. The thundercloud is charged positively at the top and negatively at the bottom 6. The thundercloud contains water drops and hail stones 7. During thunder and lightning, the electrical charges of the cloud and the earth differ 8. The earth is charged positively compared to the cloud 9. Lightning is an electrical current 10. Just before the lightning bolt, there is a stepped leader 11. Sometimes, you can see a small flash just before the lightning bolt 12. Thunder is a loud bang you hear after the lightning bolt 13. A lightning bolt is incredibly hot 14. Lightning prefers to strike on points that stick out from their surroundings 15. Lightning prefers to strike on points that conduct electricity well 16. When you are struck by lightning, an electrical current runs through your body 17. Even at a reasonable distance from the point where lightning strikes, you can be in danger 18. During thunder and lightning, you should go inside and close all windows and doors 19. When you are outside during lightning, you should find shelter 20. During lightning, you are safe inside a car 21. When you are in an open field during lightning and cannot find any shelter, you should squat with your feet against each other
Prior knowledge and elaboration in small group discussion 733 and lightning sentence, which stated that (1) thunderclouds are very high; (2) warm air from the south of France enters the Netherlands during the summer; and (3) the atmosphere contains warm and cold air currents. Below is an excerpt from this paragraph, which elaborates on the three sentences by describing one situation in which air currents lead to thunder storms. Table 4 produces an excerpt from the study text.
Ten open-ended questions were devised to test how much information participants recalled from the study text. These questions were used for an immediate and a delayed posttest. The question belonging to the text excerpt in Table 4 was: Describe the two situations in which air currents cause thunder and lightning during the summer. Table 2 Sentences to provide irrelevant prior knowledge before the small group discussion 1. An earthquake is a vibration of the earth's crust 2. Sometimes, the earth's mantle underneath the crust shakes as well 3. The vibration is usually caused by fault lines 4. A well-known fault line is the San Andreas Fault in California 5. The earth exists of different layers 6. The outer layer of the earth is called the crust 7. The crust is made up of tectonic plates 8. Tectonic plates are large pieces of earth that 'float' on the mantle underneath 9. Two plates rubbing against each other cause a series of vibrations 10. The crust consists of magma 11. Magma is a red hot, syrupy mass 12. Magma rises to the surface during an earth quake 13. Underneath the mantle lies the earth's core 14. The core is the center of the earth 15. The core is an extremely hot sphere 16. The place where plates drift against each other is called the hypocenter 17. The hypocenter's depth can range from 60 to several hundreds of kilometers 18. The place above the hypocenter on the earth's surface is called the epicenter 19. The epicenter of an earthquake can also lie at the bottom of the sea 20. An earthquake under the sea causes a tsunami 21. A seismograph is a sling that registers movements in the crust Table 3 Problem used in the video of the small group discussion You are staying with your family in a vacation home in a hilly area. This morning, you and your smaller brother got up early and went into the hills with your bicycles. It turned out to become a hot, humid summer day. In the afternoon, dark thunderclouds appeared in the sky. Suddenly, you see lightning bolt dashing towards the earth. A few seconds later, it is followed by a rattling thunderclap. Soon afterwards, it starts pouring out of the sky. When your brother tries to seek shelter under a group of trees, you immediately pull him away from underneath these trees, into the open field. There, you tell him to squat. Table 4 Excerpt from the study text offered after the video In one situation, the air rises in the atmosphere during a warm period in the south of France. This causes a low pressure area. Warm air is lighter than cold air and therefore it rises. This rising air contains vaporized water, which forms clouds. Because the air rises quickly, these clouds stretch and become very high thunder clouds. The thunderclouds drift in our direction [i.e. the Netherlands] on a wind from the south.
Small-group discussion
A video of a small-group discussion was recorded with a Sony DCR VX2000e video camera in a room where PBL group meetings were usually held. In the video, four students discussed the problem about thunder and lightning. The students tackled various issues related to thunder and lightning, as exemplified in one dialogue between two of the four students:
S: ''What I don't understand, is how this thundercloud-thing works.'' J: ''I am not telling you I fully understand this, but… I think there is a difference in electrical charge inside a cloud… Right?'' [Looks puzzled to the others.]
During the recording session, eight scenes with a teacher were shot as well. The teacher asked questions into the camera, directed to the observer of the video. These questions encouraged the observer to explain the complex process of thunder and lightning, using the phenomena in the problem. They were specifically designed to relate concepts from the thunder and lightning sentences with each other and with the problem. Furthermore, they always followed a part of the discussion that led up to the question. So, for example, the above-mentioned part of the discussion was followed by this question from the teacher:
In a cloud, there are many currents of air. The cloud also contains water drops and hailstones. But what happens then? How can a difference in electrical charge come about within a cloud?
In this example, the teacher first referred back to the third and sixth sentence about thunder and lightning, which stated that (1) warm and cold air currents take place in the atmosphere; and (2) a thundercloud contains water drops and hailstones. She then asked the viewer to relate these two principles with electrical charges inside a cloud, which relates to sentences 4 (''a difference in electrical charge within a thundercloud causes lightning'') and 5 (''the thundercloud is charged positively at the top and negatively at the bottom''). In other words, the question stimulated the generation of new relationships between prior knowledge from the sentences.
Procedure Figure 1 shows a flow chart of the procedure. The experiment used a 2 9 2 design with elaboration (yes/no) and relevant prior knowledge (yes/no) as independent variables. Participants were randomly assigned to cubicles inside a research lab. Each cubicle contained a 19-inch flat screen, at a reading distance of approximately 70 cm, showing one of the four experimental treatments. Headphones were provided for each participant. Before they entered the research lab, we explained to participants that this was a study of PBL in which they would be exposed to a PBL simulation. All further instructions were given on the screen.
Participants in the elaboration with prior knowledge condition (n = 19) studied the thunder and lightning sentences and answered the teacher's elaborative questions during the discussion. Their instructions were that they would participate in a problem-based discussion. During the discussion, a teacher would ask them some questions. They could use information from the sentences and their own ideas to answer these questions. Specifically, the instructions for answering the questions were: (1) write the first thing that comes to mind; (2) write as much as you can come up with; (3) write as many new ideas as possible; (4) keep writing until you can think of no more ideas; (5) write whole sentences; (6) do not revise your writings.
Participants in the elaboration with prior knowledge condition were also told that they would be introduced to the group first and practice the answering of questions. Upon receiving the instructions, they read each sentence at their own pace. They could continue to a next sentence by hitting the spacebar button. After the last sentence, they completed the sentence-completion test. They then observed the introductory scene, which introduced the students and the teacher by name. Following this, they practiced the procedure by watching a short discussion about an irrelevant subject (i.e. why water comes out of a tap) and answering a question from the teacher about this topic.
Subsequently, the problem appeared on the screen for 1 min and the discussion started. After each question, a blank screen with a text field appeared. Participants could type their answer in this text field and continue with the discussion by clicking a button on the screen. They spent an average of 1311.63 s (SD = 438.35), or 21 min and 51.63 s on this task. After the discussion, the study text appeared on the screen for 15 min. Participants studied this text and were told beforehand that a test would follow after 15 min. A time bar at the top of the screen indicated how much time was left. After this period, the ten open-ended questions appeared on the screen and participants completed these as the immediate posttest. Three weeks later, they returned to the research lab and completed these questions again as the delayed posttest.
In the elaboration without prior knowledge condition (n = 18), participants followed the same procedure as in the elaboration with prior knowledge condition, but this time they read the 21 sentences and completed the sentence-completion test about seismographic activity. Contrary to the procedure in the elaboration with prior knowledge condition, they were not told that information from the sentences was needed to answer questions by a teacher. Thus, participants who elaborated without prior knowledge did not receive the relevant prior knowledge, but did elaborate by answering the teacher's questions. They spent an average of 1225.61 s (SD = 674.31), or 20 min and 25.61 s on the discussion.
In the no elaboration with prior knowledge condition (n = 14), participants followed the same procedure as in the elaboration with prior knowledge condition, but this time they received a distraction task after each question by the teacher. These tasks were games of tetris. So while the elaboration with prior knowledge condition elaborated by answering the teacher's questions, the no elaboration with prior knowledge condition played tetris during these intervals. Distraction tasks were used because there are indications that students elaborate considerably without voicing their thoughts during problem-based discussions (De Grave et al. 1996) . The distraction tasks were thus included to prevent silent elaboration. The time spent on the discussion was based on the average time spent by the elaboration with prior knowledge condition (21 min and 51.63 s).
Since both conditions received the relevant prior knowledge about thunder and lightning, it was checked whether both groups had the same level of prior knowledge. A t test did not show a significant difference in number of errors on the sentence-completion test, t(1, 33) = .71, p = .48.
In the no elaboration without prior knowledge condition (n = 15), participants performed the same tasks as in the elaboration without prior knowledge condition, but they also received the distraction tasks instead of answering the teacher's questions. Therefore, they neither received relevant prior knowledge, nor did they elaborate during the discussion. Their time spent on the discussion was based on the average time spent by the elaboration without prior knowledge condition (20 min and 25.61 s).
Analyses
The posttest results were segmented into idea units (Mayer 1985) . Two coders, unaware of each participant's experimental treatment, performed this activity. An idea unit typically describes one action or event and was defined as a unit that contained one subject-verb clause. Both coders initially segmented the results of two randomly selected participants. The inter-rater reliability was calculated from the perspective of coder 1, who segmented the smallest total number of idea units. The number of agreements between coder 1 and 2 was divided by this total number, resulting in an agreement percentage of 86.82 %. Differences were discussed until consensus was reached. Thereafter, both coders independently segmented the remaining posttest results.
In order to determine how much was remembered from the text, the idea units from the posttest results were matched with idea units from the study text. Therefore, coder 1 segmented the study text into idea units and numbered each unit. Then, coder 1 discussed the applicability of the resulting segmented text with coder 2. This resulted in some changes in the segmented text, which was subsequently used as an answer key for scoring the test results. The segmented results were coded with Multiple Episode Protocol Analysis (MEPA) by looking for matches between idea units from the posttests and the study text. Each match was assigned the number of the idea unit from the study text and awarded one point. Points were added up to create a total score for each participant. The inter-coder reliability was calculated in MEPA with Cohen's Kappa (j) . Values under .40 signify poor reliability, values between .40 and .75 intermediate to good reliability, and values above .75 indicate excellent reliability. For this purpose, each coder matched the idea units from two randomly selected results (one immediate and one delayed posttest result) with the idea units from the study text. On a first try, j was .54, whereupon the two coders discussed their differences. On the next try, with two new randomly selected test results (one immediate and one delayed posttest result), j reached .75, a value on the boundary between good and excellent reliability. This reliability was deemed sufficient and therefore coders 1 and 2 independently scored the remaining results.
The final results of the immediate and delayed posttest were analyzed in SPSS 15.0 with analysis of variance (ANOVA), including elaboration (yes/no) and relevant prior knowledge (yes/no) as independent variables. The measure for the effect size was g 2 . For g 2 , the indication for a small effect is .01, for a medium effect .06, and for a large effect .14 (Cohen 1988) . The ANOVA included pairwise comparisons with Bonferroni correction in order to identify specific between-group differences.
Results
Figure 2 depicts the scores on the immediate and delayed posttests. The means and standard deviations of the immediate posttest are reported in Table 5 . On the immediate posttest, neither elaboration, F(1, 62) = 2.36, p = .13, g 2 = .04 (small effect), nor prior knowledge, F(1, 62) = 1.81, p = .18, g 2 = .03 (small effect), had a significant effect on recall. However, the interaction between elaboration and prior knowledge approached significance, F(1, 62) = 3.79, p = .06, g 2 = .06 (medium effect). The pairwise comparisons demonstrated that participants who elaborated with prior knowledge recalled significantly more from the study text (M = 37.79, SD = 10.44) than participants who elaborated without prior knowledge (M = 27.39, SD = 15.92), p = .02. Pairwise comparisons also revealed that no elaboration without prior knowledge actually led to higher recall (M = 38.40, SD = 11.48) than elaboration without prior knowledge (M = 27.39, SD = 15.92), p = .02. Elaboration with prior knowledge (M = 37.79, SD = 10.44) did not improve recall compared to no elaboration with prior knowledge (M = 36.50, SD = 12.19), p = .78.
The results of the delayed posttest are shown in Table 6 . These results again did not reveal an effect by elaboration, F(1, 62) = .69, p = .41, g 2 = .01 (small effect). In Fig. 2 Mean number of recalled idea units on the immediate and delayed posttest contrast, prior knowledge did have an effect on the delayed results, F(1, 62) = 7.07, p = .01, g 2 = .10 (medium effect). Furthermore, the interaction between elaboration and prior knowledge was significant, F(1, 62) = 4.00, p = .05, g 2 = .06 (medium effect). Again, the elaboration with prior knowledge condition recalled significantly more (M = 27.42, SD = 9.23) than the elaboration without prior knowledge condition (M = 14.61 SD = 11.91), p = .01. Also, no elaboration without prior knowledge once more led to higher recall scores (M = 22.40, SD = 11.30) than elaboration without prior knowledge (M = 14.61 SD = 11.91), p = .04. And finally, elaboration with prior knowledge (M = 27.42, SD = 9.23) was not more effective than no elaboration with prior knowledge (M = 24.40, SD = 11.30), p = 42.
Discussion
Interpretation of the findings
This experiment looked at whether elaboration during a problem-based discussion would improve recall from self-study after the discussion. In addition, the moderating influence of prior knowledge on elaboration was examined. There were two hypotheses. Firstly, elaboration was expected to increase recall. The second hypothesis was that prior knowledge would moderate the effect of elaboration on recall, leading to higher recall scores when relevant prior knowledge was present.
The first hypothesis was not supported by the data. This seems to be in line with scant evidence from PBL studies. Moust et al. (1987) found no positive correlation between the Elaboration versus no elaboration: F(1, 62) = 2.36, p = .13, g 2 = .04; prior knowledge * elaboration: F(1, 62) = 3.79, p = .06, g 2 = .06 Prior knowledge and elaboration in small group discussion 739 amount of elaborative explanation during a problem-based discussion and recall from subsequent self-study. Unfortunately, this study did not test a causal relationship between explanation and recall. This also accounts for other reported correlations, which do however tend to show a positive relation between elaborative explanation and achievement (Van Boxtel et al. 2000; Webb 1989; Webb et al. 2008) . Some more evidence for a causal relationship between explanation and recall comes from an experiment that showed a positive effect of explaining over listening on recall of textual information (Spurlin et al. 1984) . That is, students who verbally summarized a text recalled more from this text than students who listened to the verbal summaries. This suggests that the act of explaining during collaborative discussion fosters achievement. Why then did it not improve recall in the current experiment? It is possible that a problem-based discussion creates fewer opportunities for contentrelevant explanations than other forms of collaboration. What many forms of collaboration have in common is that the discussion follows or coincides with the acquisition of relevant new information (Dansereau 1988; King et al. 1998; Webb and Farivar 1999) . Problembased discussion seems to diverge from this path, as it precedes the acquisition of most relevant prior knowledge. As explained by Schmidt et al. (2009) and Hmelo-Silver (2004) , the discussion of the problem forms the basis of new learning. This learning can take place through individual self-study that students perform after the discussion. Hence, they will find most of the new information after they have been discussing the problem. The question is whether a problem-based discussion is focused on relevant knowledge to the same degree as a discussion that succeeds the acquisition of relevant new information. The reporting phase in PBL is such a discussion. During the reporting phase, students report their findings from self-study to each other. This may be a more adequate moment to stimulate elaboration, because students then have already obtained more relevant knowledge about the problem. Therefore, their explanations could be more focused on relevant information, which might help them to remember it better.
The second hypothesis was supported by the findings, because elaboration had a larger effect on recall when participants had relevant prior knowledge before the discussion than when they had no relevant prior knowledge. This is in line with findings from earlier experiments (Willoughby et al. 1993; Woloshyn et al. 1992) , which showed elaboration to be more effective when students possessed more relevant prior knowledge about the subject. However, participants without relevant prior knowledge also attained higher recall scores when they did not elaborate than when they elaborated. In addition, elaboration with prior knowledge was not more effective than no elaboration with prior knowledge. This suggests that elaboration with relevant prior knowledge did not improve recall as much as elaboration without prior knowledge impeded it.
What could be an explanation for this? It is possible that the prior knowledge provided before the experiment guided participants' answers to the teacher's questions and thereby 'set the stage' for new learning (Wetzels et al. 2011) . It has been shown that students recall more information that relates to their own activated prior knowledge (Machiels-Bongaerts et al. 1995; Peeck 1982; Pressley et al. 1990 ). In the present experiment, participants who elaborated with relevant prior knowledge may have created a knowledge base that was closely related to the study text they encountered after the discussion. They built this knowledge base through their explanations, as a response to the teacher's questions. In other words, elaboration on the relevant prior knowledge provided good guidance for further self-study. Elaboration with irrelevant prior knowledge may have provided misguidance, confusing participants when they tried to come up with adequate responses to the teacher's questions and impeding their intake of knowledge from the study text.
Elaboration with irrelevant prior knowledge may also have created more misconceptions than elaboration with relevant prior knowledge. Participants who elaborated without prior knowledge possibly relied more on their own, personal prior knowledge to answer the teacher's questions. Since they lacked a science-oriented background, perhaps this personal knowledge contained misconceptions. As a consequence, they generated more misconceptions during the discussion than their counterparts who received relevant prior knowledge. Misconceptions tend to be persistent, even when students are confronted with contradictory information (Chinn and Brewer 1993) . So if the study text contained information that contradicted the framework, the misconceptions may have persisted.
For example, some participants reported a misconception that thunder and lightning was created by friction between clouds during the small group discussion. One of the relevant prior knowledge sentences was: ''A difference in electrical charge within a thundercloud causes lightning''. This sentence could have repaired the misconception before entering the discussion. Moreover, participants could have used the sentence to generate answers to the teacher's questions, thereby creating a knowledge base that was coherent with the study text. The sentences about seismographic activity could probably not repair the misconception, because they dealt with a different topic. Therefore, it seems likely that these sentences did not aid participants in creating a relevant knowledge base for further self-study.
Limitations and future research
There are some limitations in this study that need to be considered. First, the experiment used a video recording of a small-group discussion, which may not have represented a reallife situation. However, this drawback came with the benefit of gaining experimental control over the group process. And, although the same degree of interaction and co-construction (Van Boxtel et al. 2000) could not be achieved as in a real-life situation, the activities that were performed during the experiment seemed to resemble those of a natural discussion. That is, the participants in the elaboration conditions provided explanations to other students, as a response to questions by a teacher. They were stimulated to activate prior knowledge and construct new theories, which are common activities in PBL (Dolmans and Schmidt 2006) . After the discussion, they performed self-study, which is also part of the PBL process (Hmelo-Silver 2004; Schmidt et al. 2009 ). With the current research approach, some steps could be made in detecting which elaboration during problem-based discussion has a positive effect on recall.
A second limitation might be that the experimental treatment was too short to cause an effect. A problem-based discussion normally takes more than an hour (Schmidt et al. 2009 ) and students can discuss one problem for up to two hours, distributed over two meetings (Hmelo-Silver and Barrows 2008) . In the present experiment, the discussion only took approximately 20 min. Considering findings that collaborative learning is more effective when the collaboration contains more elaboration episodes , there is a possibility that the main effect of elaboration was attenuated by the brief period for discussion. Nonetheless, it can also be argued that participation was more active than normal, as students would not usually be addressed by a teacher as frequently as they were in the present experiment. Participants in the two elaboration conditions were activated eight times by the teacher. The question remains whether more elaboration episodes during the discussion will improve subsequent learning.
Future research could thus check whether adding elaboration episodes yields a larger effect. Furthermore, it could investigate whether the ideas generated during the discussion lead to the construction of a contextual framework that influences what and how much can be recalled from self-study. If the discussion creates a framework that is relevant for selfstudy, perhaps more is remembered from it. As such, problem-based discussion may be a better preparation for future studying when the ideas emerging during the discussion are more related to subsequent self-study. It might also be interesting to test the effect of misconceptions on recall. Misconceptions may have a negative impact on the learning and recall of subsequently studied information. In contrast, correct or plausible conceptions could have a positive influence on learning. If this is true, problem-based discussion might be a better preparation for new learning when students produce fewer misconceptions during the discussion.
Implications for practice
The present findings may have some implications for educators in collaborative learning. It is important that a problem-based discussion fits well with the students' prior knowledge. Therefore, it may be important to provide students with some relevant prior knowledge before they enter the discussion. In some versions of PBL, students receive a limited amount of information at the beginning of the group session, just before they start a problem-based discussion (Hmelo-Silver and Barrows 2008) . This information should only contain loose concepts, since students need to generate new connections between these concepts themselves, by means of the discussion. Lacking some basic level of relevant prior knowledge may actually be detrimental for future learning, as the present results indicate.
The PBL teacher can also help students to use their prior knowledge in the right way. For example, the teacher can ask directive questions which point more directly to the relevant concepts students need to recall from their self-study after the discussion (Budé et al. 2009 ). By doing this, the teacher may retrieve relevant prior knowledge from the students. So, in summary, teachers might improve students' recall from self-study by offering them some relevant prior knowledge before the discussion and asking questions during the discussion to retrieve this knowledge.
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